Abstract. MicroRNAs (miRs), a class of small non-coding RNAs, have been demonstrated to be involved in the development and progression of human malignancies, including cutaneous squamous cell carcinoma (CSCC). miR-186 serves a suppressive role in certain common types of human cancer; however, its exact function in CSCC has not been reported previously. In the present study, the expression of miR-186 was significantly increased in CSCC tissues compared with adjacent non-tumour tissues. Overexpression of miR-186 significantly promoted CSCC cell proliferation while inhibiting cell apoptosis. Reticulophagy regulator 1 (RETREG1), a gene that is significantly downregulated in CSCC tissues and cell lines, was identified as a novel target of miR-186. In addition, the expression of RETREG1 was inversely correlated with miR-186 expression in CSCC tissues. Furthermore, the expression of RETREG1 was negatively regulated by miR-186 in CSCC cells, and restoration of RETREG1 attenuated the effects of miR-186 on CSCC cells. Taken together, the results of the current study suggest that miR-186 serves an oncogenic role in CSCC and may be used as a potential therapeutic target for the treatment of this disease.
Introduction
The occurrence of cutaneous squamous cell carcinoma (CSCC), one of the most common non-melanoma skin cancers, is increasing mainly due to the damage of the ozonosphere and the lack of risk awareness (1, 2) . Certain factors, including infection, chemical substances, inheritance and immune responses, have been implicated in the development and progression of CSCC (3) . High rates of recurrence and metastasis contribute to the poor prognosis of patients with CSCC (4). The one-year survival rate of patients with CSCC with recurrence and metastasis is approximately 50% (4) . Therefore, it is necessary to investigate the molecular mechanisms underlying the growth and metastasis of CSCC to support the development of novel therapeutic targets for this disease.
MicroRNAs (miRs), a class of small non-coding RNAs 22-25 nucleotides in length, can regulate gene expression at the post-transcriptional level by directly binding to the 3'UTR of their target mRNAs (5, 6) . It has been well established that numerous miRs participate in the regulation of various biological processes, including cell survival, proliferation, differentiation, motility and tumorigenesis (5) (6) (7) . Furthermore, certain miRs, including miR-31, miR-142-5p and miR-365, have been reported to serve oncogenic or tumour suppressive roles in CSCC (8) (9) (10) (11) . For instance, miR-125b inhibits the expression of MMP13 and suppresses CSCC cell proliferation, migration and invasion (11) . miR-186 is an important member of cancer-associated miRs and has been reported to generally serve a tumour suppressive role in various types of human cancer, including chronic myeloid leukaemia (12) , colorectal cancer (13) , gastrointestinal stromal tumour (14) , lung cancer (15) , liver cancer (16) , cervical cancer (17) , and gastric cancer (18) . miR-186 inhibits the proliferation, metastasis and epithelial-to-mesenchymal transition of colorectal cancer cells by targeting ZEB1 (13) . However, the exact function of miR-186 in CSCC has not been previously studied.
The current study aimed to determine the expression and regulatory role of miR-186 in CSCC. 
MicroRNA

RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from tissues or cell lines using the TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The RNA was subsequently reverse transcribed into cDNA using the PrimeScript RT reagent kit with gDNA Eraser (Takara Bio, Inc., Otsu, Japan), according to the manufacturer's protocol. The qPCR was performed using the SYBR Green Realtime PCR Master Mix (Toyobo Life Science, Osaka, Japan), according to the manufacturer's protocol. The thermocycling conditions were as follows: Initial denaturation at 95˚C for 5 min; 35 cycles of 95˚C for 15 sec and 60˚C for 30 sec. U6 was used as the internal control of miR-186 and GAPDH was used as the internal control of reticulophagy regulator 1 (RETREG1). The primers for RETREG1 (cat. no. HQP013485), GAPDH (cat. no. HQP006940), miR-186 (cat. no. HmiRQP0248) and U6 (cat. no. HmiRQP9001) were all purchased from Guangzhou Fulengen (GeneCopoeia, Inc., Rockville, MD, USA). The relative expression levels were calculated using the 2 -ΔΔCt method (19) .
Cell proliferation assay. Cell proliferation was studied using Cell Counting kit-8 (CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan). At 48 h after transfection, the cells were seeded into 96-well plates (3x10 3 cells/well) and cultured for 0, 24, 48 and 72 h. The optical density value at 450 nm was measured using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Cell apoptosis analysis. Cell apoptosis was analyzed by using an Annexin V-fluorescein isothiocyanate (FITC) Apoptosis kit (BD Biosciences, San Diego, CA, USA) in accordance with the manufacturer's protocol. Transfected SCL-1 and A431 cells were seeded in 24-well plates (1x10 5 cells/well) and cultured in a humidified incubator containing 5% CO 2 and 95% O 2 at 37˚C for 24 h. Subsequently, the cells were re-suspended in 500 µl binding buffer containing 1% FITC-labelled Annexin-V and propidium iodide (which is in the Annexin V-FITC Apoptosis kit). After incubation in the dark for 30 min, the apoptosis levels were evaluated using BD Accuri CFlow software 1.0 on a BD C6 FACSVerse™ flow cytometer (both BD Biosciences).
Western blots. Total protein was extracted using RIPA lysis buffer (Beyotime Institute of Biotechnology, Beijing, China). The protein concentration was measured using a bicinchoninic acid protein assay kit (Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. Equal amounts of protein (50 µg/lane) were isolated using 10% SDS-PAGE and transferred onto polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA). The membranes were blocked with 5% skimmed milk at 4˚C overnight and incubated with rabbit anti-human RETREG1 antibodies (cat. no. ab151755) 4 cells per well) in 24-well plates were transfected with 10 nM miR-186 mimics (or miR-NC) and 500 ng WT RETREG1 (or MT RETREG1) plasmid using Lipofectamine 2000. After 48 h of transfection, the relative luciferase activity was detected using a Dual-Luciferase ® Reporter Assay System (Promega Corporation). The activity of firefly luciferase was normalized to the activity of Renilla luciferase.
Statistical analysis. Data are presented as the mean ± standard deviation. SPSS 20.0 software (IBM Corp., Armonk, NY, USA) was used for the statistical analyses. Comparisons were performed with one-way analysis of variance followed with Tukey's post hoc test or Student's t test. A Pearson correlation test was used to determine the association between miR-186 and RETREG1 expression in CSCC tissues. P<0.05 was considered to indicate a statistically significant difference.
Results
miR-186 is upregulated in CSCC.
To investigate the role of miR-186 in CSCC, the expression levels of miR-186 were determined in 32 CSCC tissues and their matched adjacent non-tumour tissues. miR-186 was significantly upregulated in the CSCC tissues compared with the matched adjacent non-tumour tissues (Fig. 1A ). Using the mean expression level of miR-186 as a cut-off value (3.26), the authors divided the patients into high and low miR-186 groups. The expression of miR-186 in tumour tissues exhibited no difference between the male and female patients with CSCC (P=0.735; Table I ). To further confirm these results, miR-186 expression was determined in the normal human skin cell line HaCaT and the CSCC cell lines A431 and SCL-1. miR-186 expression levels increased in the A431 and SCL-1 cell lines compared with the HaCaT cells (Fig. 1B) . The above results indicated that miR-186 was upregulated in CSCC.
miR-186 affects CSCC cell proliferation and apoptosis. The function of miR-186 in CSCC was investigated. SCL-1 and A431 cells were transfected with miR-186 mimics and qPCR data indicated that the miR-186 levels were significantly increased in the miR-186 group compared with the miR-NC group in both cell lines (Fig. 2A) . A CCK-8 assay was subsequently used to study the effects of miR-186 upregulation on CSCC cell proliferation. The results suggested that overexpression of miR-186 caused a significant increase in the proliferation of SCL-1 and A431 cells compared with the miR-NC group (Fig. 2B and C) . Flow cytometry was subsequently conducted to study cell apoptosis and it was not significantly affected by miR-186 overexpression (data not shown).
SCL-1 and A431 cells were transfected with miR-186 inhibitor to knockdown miR-186 expression. qPCR data indicated that the miR-186 levels were significantly reduced in the miR-186 inhibitor group compared with the NC inhibitor group (Fig. 2D) . Data from the CCK-8 assay indicated that inhibition of miR-186 expression caused a significant reduction in CSCC cell proliferation ( Fig. 2E and F) . Furthermore, apoptosis of CSCC cells markedly increased following miR-186 inhibition ( Fig. 2G  and H) . Therefore, the results of the current study indicated that miR-186 overexpression promoted CSCC cell proliferation, and knockdown of miR-186 induced CSCC cell apoptosis.
RETREG1 is a target gene of miR-186
. TargetScan software 7.2 was used to predict the potential target genes of miR-186, and the data indicated that there were predicted binding sites for miR-186 in the 3'UTR of the RETREG1 mRNA (Fig. 3A) . A dual-luciferase assay was performed to verify whether RETREG1 was a target gene of miR-186. The results indicated that overexpression of miR-186 significantly downregulated the luciferase activity of the WT 3'-UTR of RETREG1; however, the luciferase activity of the MT 3'-UTR of RETREG1 was not affected in CSCC cells (Fig. 3B and C) . Therefore, the results indicate that RETREG1 is a direct target gene of miR-186.
Expression level of RETREG1 is reduced in CSCC tissues and inversely correlated to the miR-186 expression.
RT-qPCR data indicated that RETREG1 expression was significantly lower in the CSCC tissues compared with the matched adjacent non-tumour tissues (Fig. 3D) . Using the mean expression value of RETREG1 as a cut-off value (0.64), the authors divided the patients into high and low RETREG1 groups. The expression of RETREG1 in the tumour tissues exhibited no difference between male and female patients with CSCC (P=0.473; Table II ). Furthermore, the RETREG1 expression levels were inversely correlated with the expression levels of miR-186 in CSCC tissues (Fig. 3E) . Taken together, these data suggest that the reduced expression of RETREG1 in CSCC tissues may be due to the increased expression of miR-186. Furthermore, the mRNA and protein levels of RETREG1 were lower in CSCC cells compared with HaCaT cells (Fig. 3F and G) . the mRNA and protein expression of RETREG1 in CSCC cells (Fig. 4A and B) . By contrast, knockdown of miR-186 significantly increased the expression of RETREG1 in CSCC cells (Fig. 4C and D) . The above results indicated that RETREG1 expression was negatively regulated by miR-186 in CSCC.
Overexpression of RETREG1 attenuates the effects of miR-186 on CSCC cell proliferation. Finally, the current study examined whether RETREG1 served a role in the miR-186-mediated proliferation of CSCC cells. The miR-186-overexpressing CSCC cells were transfected with a RETREG1 expression plasmid to restore its expression. Following transfection, the mRNA and protein levels of RETREG1 were significantly increased in the miR-186 + RETREG1 group compared with the miR-186 + blank group (Fig. 5A and B) . Further investigation indicated that the proliferation of CSCC cells was significantly reduced in the miR-186 + RETREG1 group compared with the miR-186 + blank group (Fig. 5C and D) . These results suggest that RETREG1 overexpression attenuated the effects of miR-186 on CSCC cell proliferation.
Discussion
miR-186 serves a suppressive role in certain common types of human cancer; however, its exact function in CSCC has not been previously reported. In the current study, the expression of miR-186 was significantly increased in CSCC tissues compared with adjacent non-tumour tissues. Overexpression of miR-186 significantly promoted CSCC cell proliferation and inhibited cell apoptosis. RETREG1, which is significantly downregulated in CSCC tissues and cell lines, was identified as a novel target gene of miR-186. In addition, the expression of RETREG1 was inversely correlated with the expression level of miR-186 in CSCC tissues. Furthermore, the expression of RETREG1 was negatively regulated by miR-186 in CSCC cells, and restoration of RETREG1 attenuated the effects of miR-186 on CSCC cells. In recent decades, a large number of miRs, including, miR-125b (11), miR-365 (20) , miR-205 (21), miR-199a-5p (22) , and miR-203 (23) have been identified as key regulators of the development and progression of CSCC and numerous other types of human cancer. For instance, miR-199a-5p induces CSCC cell invasion by suppressing E-cadherin expression (22) . Among the cancer-associated miRs, miR-186 has been reported to generally function as a tumour suppressor (24, 25) . For instance, Cai et al (24) demonstrated that miR-186 served as a tumour suppressor in oral squamous cell carcinoma by negatively regulating the expression of tyrosine-protein phosphatase non-receptor type 11. Ruan et al (25) revealed that miR-186 suppressed lung cancer progression by targeting SIRT6. However, whether miR-186 serves a role in CSCC remains unclear. The current study indicated that the expression of miR-186 was significantly increased in CSCC tissues compared to adjacent non-tumour tissues. However, the expression of miR-186 in tumour tissues exhibited no difference between male and female patients. The present study further revealed that overexpression of miR-186 significantly promoted CSCC cell proliferation, and knockdown of miR-186 significantly inhibited CSCC cell proliferation and induced cell apoptosis. These results suggest that miR-186 serves an oncogenic role in CSCC. RETREG1, also known as FAM134B, is a reticulophagy receptor that regulates the turnover of the endoplasmic reticulum (ER) by selective phagocytosis (26) . Inhibition of RETREG1 contributes to impaired proteostasis in the ER due to the accumulation of misfolded or aggregated proteins, leading to compromised neuronal survival and progressive neuronal degenerative diseases (26) . In previous studies, RETREG1 was downregulated in colorectal cancer, and its low expression was associated with younger age, larger tumour size, advanced cancer stages, higher recurrence rate, lymphovascular invasion and poor prognosis of patients (27, 28) . Furthermore, overexpression of RETREG1 inhibited the proliferation of colorectal cancer cells in vitro, and tumour growth in vivo (29) . However, the function of RETREG1, and the regulatory mechanism of RETREG1 expression in CSCC remains unclear. The current study demonstrated that RETREG1 was a target gene of miR-186 in CSCC cells and the expression of RETREG1 was reduced in CSCC tissues and inversely correlated with miR-186 expression. These results suggest that the reduced expression of RETREG1 in CSCC may be due to the upregulation of miR-186. Similar observations were also reported in colorectal cancer. Islam et al (30) demonstrated that miR-186 overexpression significantly decreased the expression of RETREG1 in colorectal cancer cells, and the expression levels of RETREG1 and miR-186 were inversely correlated in colorectal cancer tissues and cells. The current study expanded the understanding of the association between miR-186 and RETREG1 in human cancer. In addition, the expression of miR-186 in tumour tissues exhibited no difference between male and female patients with CSCC. Furthermore, overexpression of RETREG1 attenuated the effects of miR-186 on CSCC cell proliferation, suggesting that RETREG1 may act as a downstream signalling molecule of miR-186 in CSCC cells.
In conclusion, the present study demonstrated that miR-186 may promote CSCC cell proliferation and inhibit cell apoptosis at least partly through direct targeting of RETREG1, suggesting that targeting the miR-186/RETREG1 axis may be used as a potential strategy for the treatment of CSCC. Future studies should further determine the function of the miR-186/RETREG1 axis in CSCC growth and metastasis in vivo.
